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METHODS AND COMPOSITIONS RELATED 
TO THE MODULATION OF 

INTERCELLULAR JUNCTIONS 

RELATED APPLICATIONS 

This application claims priority under 35 U.S.C. §ll9 from 
US. provisional application Ser. No. 60/584,438, ?led Jun. 
29, 2004, the entire contents of which is herein incorporated 
by reference. 

GOVERNMENT SUPPORT 

Aspects of the invention may have been made using fund 
ing from National Institutes of Health Grant number 
GM57073. Accordingly, the Government may have rights in 
the invention. 

FIELD OF THE INVENTION 

The invention relates to compositions and methods for the 
modulation of the permeability of the epithelial cell barrier 
complex. In particular, the invention provides compositions 
and methods of using polysaccharides, preferably glycosami 
noglycans, and/or agents that modify cell surface glycosami 
noglycans to modulate intercellular junctions. The composi 
tions and methods provided can be used to facilitate the 
delivery of biologically active molecules. 

BACKGROUND OF THE INVENTION 

Epithelial tissues cover or line all body parts both exter 
nally and internally. With cells tightly packed together and 
with little intercellular space, the epithelial tissues form effec 
tive barriers between underlying tissues and external environ 
ment. Thus, the epithelial tissues are extremely important in 
regulating the exchange of materials between different body 
parts. Intercellular junctions are important for the develop 
ment and functioning of epithelial tissues. In epithelia, tight 
junctions (or zonula occludens) are the most apical compo 
nent of the intercellular junction complex (M. G. Farquhar et 
al., 1963), which also includes adherens junctions, desmo 
somes and gap junctions (Haraj N. S. et al., 2004). 
The classical functions of the tight junctions (TJ s) are the 

regulation of paracellular permeability and the restriction of 
apical-basolateral intramembrane diffusion of lipids (Matter 
K et al., 2003). Composed of occludin and various members 
of the claudin family of proteins (L. Gonzalez-Mariscal et al., 
2003), the T] strands can reject or retard certain solutes on the 
basis of their size and others on the basis of charge (G. T. 
Knipp et al., 1997). Thus, the formation of these intercellular 
junctional complexes between the epithelial cells provides 
protective barriers to the body against potentially harmful 
environmental conditions. These barriers, however, also 
obstruct the delivery of drugs to target tissues. 

SUMMARY OF THE INVENTION 

The invention relates, in part, to the discovery that polysac 
charides, such as heparin, transiently disrupt intercellular 
junctions. This can result in the increased permeability of a 
cell barrier and, therefore, provides ways to enhance the 
delivery of biologically active molecules/agents. The inven 
tion further relates, in part, to the discovery that sodium 
heparin, ardeparin sodium, unfractionated heparin and 
polysaccharide-degrading enzymes, such as glycosami 
noglycan-degrading enzymes like heparinase I (hep I), hepa 
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2 
rinase III (Hep III), chondroitinase ABC (cABC), etc., can 
also disrupt intercellular junctions. 

In one aspect of the invention, therefore, methods and 
compositions for transiently disrupting intercellular junc 
tions are provided. The methods include the step of contact 
ing cells with a polysaccharide, a polysaccharide-degrading 
enzyme or both (also referred to herein as “intercellularjunc 
tion disruption agents”) in an amount effective to transiently 
disrupt one or more intercellular junctions. The methods can 
be in vitro methods or they can be in vivo methods. In in vivo 
methods the intercellular junction disruption agent is admin 
istered to a subject. In one embodiment the intercellularjunc 
tion disruption agent results in the disruption of intercellular 
junctions and/or cell barrier permeability for more than 1 
minute but less than 10 hours. 

In some embodiments the subject is not ordinarily in need 
of the administration of the intercellular junction disruption 
agent. Therefore, in these embodiments, the subject does not 
suffer from a condition for which the use of the intercellular 
junction disruption agent is a recognized treatment. In other 
embodiments, however, the use of the intercellular junction 
disruption agent is a recognized treatment. 
The intercellular junction disruption agents, biologically 

active agents and compositions provided herein can be 
administered by any means known in the art. In some embodi 
ments the intercellular junction disruption agents and/ or bio 
logically active agents provided are administered via an ocu 
lar, nasal, topical, transdermal, or rectal route. In one 
embodiment the agent is administered via a nasal route in 
order to facilitate the delivery of the agent to the central 
nervous system (e.g., brain). Nasal administration can be 
accomplished, in some embodiments, with the use of nasal 
sprays, nasal drops or nasal gels containing the agent. In 
another embodiment delivery of the agent to the central ner 
vous system (e.g., brain) is accomplished by the administra 
tion of the agent via an ocular route. Therefore the agent, in 
some embodiments, is in a form suitable for the administra 
tion to the eye. Such forms include an eye dropper, contact 
lens solution, ophthalmic ointment, eye pack or contact lens. 
Alternatively, the agent, in one embodiment, is administered 
in a composition that also contains a pharmaceutically 
acceptable carrier and an ophthalmic preservative. It follows 
that the agent in any of these forms suitable for administration 
to the eye is, in some embodiments, applied directly to the 
ocular surface (e.g., to the surface of the eye). In some 
embodiments the agent is administered to the mucous mem 
branes. For such administration the agent is, in some embodi 
ments, in an ointment, spray, a gel or mucoadhesive. In other 
embodiments the agent is administered via a pulmonary, sub 
lingual, gastrointestinal, vaginal, rectal or oral route. For pul 
monary delivery the agent, in some embodiments, is in an 
inhaler. For sublingual delivery, the agent, in some embodi 
ments, is in a sublingual tablet or oral gel. For vaginal or rectal 
delivery the agent, in some embodiments, is in an ointment, 
tampon, suppository, enema or a mucoadhesive. For gas 
trointestinal delivery the agent, in some embodiments, is in an 
enteric-coated tablet or capsule. In one embodiment the agent 
is administered via the skin in order to facilitate its delivery to 
systemic circulation. Therefore, in some embodiments, the 
agent is administered topically. For topical administration, in 
some embodiments, the agent is in an ointment, lotion, spray, 
gel, cream, swab, wipe, bandage or patch. In another embodi 
ment the agent is administered via a sublingual or gastrointes 
tinal route to deliver it to systemic circulation. In still other 
embodiments the agent is administered intravenously, 
intraarterially or subcutaneously. In still other embodiments, 
for example, to enhance delivery across the blood-brain bar 
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rier, the agent is administered via the internal carotid artery. In 
another embodiment, for example, to facilitate delivery 
across the blood-brain barrier, an infusion pump is used to 
deliver the agent. The agent can be the intercellular junction 
disruption agent, the biologically active molecule or both. 

In some embodiments the intercellular junction disruption 
agent is administered in a way not normally associated with 
its use as a therapeutic agent. In some embodiments the 
intercellular junction disruption agent is administered via a 
non-pulmonary route. In other embodiments the intercellular 
junction disruption agent is administered nonintravenously 
and/ or nonsubcutaneously. In still other embodiments the 
intercellular junction disruption agent is administered via a 
route that is not oral and/or not gastrointestinal. In another 
embodiment the administration is not transdermal adminis 
tration. 

The intercellular junction disruption agent, in some 
embodiments, can be administered in a way that is different 
from the administration route of the biologically active agent. 
In other embodiments the agents can be administered in the 
same way. 

In some embodiments the intercellular junction disruption 
agent is administered in an amount suf?cient to disrupt inter 
cellular junctions but not in an amount effective to treat a 
subject with a condition. In other embodiments the intercel 
lular junction disruption agent is administered in an amount 
that is suf?cient to disrupt intercellular junctions and is thera 
peutically effective. However, in some embodiments the 
therapeutically effective amount of the intercellular junction 
disruption agent is such that it is less effective for treating a 
condition than a biologically active agent that is administered 
to the subject prior to, after or concurrently with the intercel 
lular junction disruption agent. 

In some embodiments the biologically active agent is dif 
ferent from the intercellular junction disruption agent. The 
intercellular junction disruption agent and/or biologically 
active agent can be administered in any form suitable for the 
desired purpose. In some embodiments the agent is adminis 
tered in particulate or powder form. In one embodiment the 
intercellular junction disruption agent is heparin or ardeparin 
which is in powder or particulate form. In another embodi 
ment the intercellular junction disruption agent is sodium 
heparin or sodium ardeparin which is in powder orparticulate 
form. In yet another embodiment the intercellular junction 
disruption agent is sodium heparin which is in powder or 
particulate form. In other embodiments the agent is adminis 
tered in a solution. In one embodiment the solution is a 
solution suitable for administration to the ocular surface. In 
one embodiment the solution is an isotonic solution. In still 
other embodiments the agent is administered in an aerosol 
form. In an additional embodiment, the agent is administered 
in a suspension or a super-concentrated or supersaturated 
solution (a mix of a suspension or powder in a solution). In 
one embodiment the superconcentrated or supersaturated 
solution contains a concentration of an agent of greater than 
20 mg/ml. In one embodiment the intercellular junction dis 
ruption agent is at a concentration of greater than 20 mg/ml. 
In another embodiment the solution contains greater than 20 
mg/ml heparin. In yet other embodiments the biologically 
active agent is administered in a form different from the form 
of the intercellular junction disruption agent. 

The intercellular junction disruption agent can be any 
polysaccharide that when contacted with cells, disrupts inter 
cellular junctions. In one embodiment the polysaccharide is a 
digestible polysaccharide. In another embodiment the 
polysaccharide is a linear polysaccharide. In yet another 
embodiment the polysaccharide does not possess anticoagu 
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4 
lant properties. The polysaccharide in another embodiment is 
a glycosaminoglycan. In some embodiments the glycosami 
noglycan does not possess anticoagulant activity. In one 
embodiment the glycosaminoglycan (e.g., heparin) is miss 
ing the anticoagulant portions orparts thereof normally found 
in the glycosaminoglycan. In one embodiments the gly 
cosaminoglycan does not have a complete and/ or active anti 
thrombin (AT) III binding domain. In one embodiment the 
glycosaminoglycan lacks anAT III binding domain. 

In some embodiments the glycosaminoglycan is not asso 
ciated with a proteoglycan. In other embodiments the gly 
cosaminoglycan is a heparin-like glycosaminoglycan (HL 
GAG) or heparan sulfate-like glycosaminoglycan (HSGAG). 
In still other embodiments the glycosaminoglycan is a chon 
droitin sulfate glycosaminoglycan (CSGAG). In yet other 
embodiments the glycosaminoglycan is not one generated by 
the activity of chondroitinase ABC I (cABC I). In other 
embodiments the glycosaminoglycan is a low molecular 
weight heparin. In some embodiments the glycosaminogly 
can is heparin, such as sodium salt of heparin. In other 
embodiments the glycosaminoglycan is unfractionated hep 
arin. In still other embodiments the glycosaminoglycan is 
ardeparin, such as ardeparin sodium. 
The intercellular junction disruption agent can also be a 

polysaccharide-degrading enzyme. In some embodiments the 
polysaccharide-degrading enzyme is a glycosaminoglycan 
degrading enzyme. In some embodiments the glycosami 
noglycan-degrading enzyme is a heparinase, such as hepari 
nase I (Hep I), heparinase II (Hep II) or heparinase III (Hep 
III). In other embodiments the glycosaminoglycan-degrading 
enzyme is a chondroitinase, such as chondroitinase AC 
(cAC), chondroitinase B (cB), chondroitinase C (cC), or 
chondroitinase ABC (cABC). In some embodiments the 
chondroitinase ABC is chondroitinase ABC I (cABC I) or 
chondroitinase ABC II (cABC II). In still other embodiments 
the glycosaminoglycan-degrading enzyme is a sulfatase or 
sulfotransferase. In still further embodiments the intercellular 
junction disruption agent can be a combination of one or more 
different polysaccharides and one or more different polysac 
charide-degrading enzymes. In some embodiments it is the 
combination that is effective in disrupting intercellular junc 
tions and/ or is therapeutically effective. 
The compositions and methods provided can be used to 

disrupt one or more intercellular junctions between cells of 
any type and result in the increased absorption of the inter 
cellular junction disruption agent. The cells can be epithelial 
or endothelial cells. In some embodiments the methods pro 
vided further include contacting the cells with one or more 
different kinds of biologically active molecules. The methods 
provided, therefore, can result in the increased absorption of 
biologically active molecules. When performed in vivo the 
methods further include, in some embodiments, administer 
ing to a subject one or more biologically active molecules. In 
some embodiments the biologically active molecule is 
administered in an amount effective to treat the subject. 
The agents provided herein can be administered in any 

amount effective for the desired purpose. In one embodiment 
the intercellular junction disruption agent is administered at a 
level from 3 micrograms to 14 micrograms per 4 square 
centimeters area of cells. In one embodiment the intercellular 
junction disruption agent administered at such a level is 
sodium heparin. 
The biologically active molecules can be any molecule that 

has some desired biological effect. Biologically active mol 
ecules, which are also referred to herein as “biologically 
active agents”, therefore, include therapeutic agents, such as 
a drug. The biologically active molecule, in some embodi 
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ments, is a polar or charged molecule. The biologically active 
molecule in some embodiments is a protein, chemical com 
pound, nucleic acid, polysaccharide, small molecule or pep 
tide therapeutic. When the biologically active molecule is a 
nucleic acid, in some of these embodiments, the nucleic acid 
is DNA, RNA or siRNA. In other embodiments the biologi 
cally active molecule is one that Without the administration of 
the intercellular junction disruption agent would not perme 
ate one or more cell barriers in a subject. In still other embodi 
ments the biologically active molecule is one that has an 
enhanced permeation of one or more cell barriers because of 
the administration of the intercellular junction disruption 
agent. In some of these embodiments the permeation of the 
cell barrier ofthe biologically active agent is 5%, 10%, 15%, 
20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 
200%, 300%, 400%, 500%, 1000%, 2000%, 5000%, or more 
more than the permeation of the biologically active agent 
Without the administration of the intercellular junction dis 
ruption agent. 

The intercellular junction disruption agent can be admin 
istered prior to, concurrently With or after the administration 
of a biologically active agent. In one aspect of the invention 
the intercellular junction disruption agent is administered 
concurrently With or prior to the administration of the bio 
logically active agent. In another aspect of the invention the 
intercellular junction disruption agent is administered prior to 
the administration of the biologically active agent. In some 
embodiments the intercellular junction disruption agent is 
administered 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 60 or more 
minutes prior to the administration of the biologically active 
agent. In other embodiments the intercellular junction disrup 
tion agent is administered 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15,20 or 
more hours prior to the administration of the biologically 
active agent. In still other embodiments the intercellularjunc 
tion disruption agent is administered at least 10 minutes prior 
to the administration of the biologically active agent. In still 
other embodiments the intercellular j unction disruption agent 
is administeredno more than 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 hours 
before the administration of the biologically active agent. In 
still other embodiments the intercellular junction disruption 
agent is administered anyWhere from 1 minute to 10 hours 
prior to the administration of the biologically active agent. 

In another embodiment the biologically active agent is 
administered prior to the administration of the intercellular 
junction disruption agent. In some embodiments the biologi 
cally active agent is administered 1, 2, 3, 4, 5, 10, 15, 20,25, 
30, 60 or more minutes prior to the administration of the 
intercellular junction disruption agent. In other embodiments 
the biologically active agent is administered 1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, 15, 20, 30, 40, 50, 60, 75, 100 or more hours prior to 
the administration of the intercellular junction disruption 
agent. In still other embodiments the biologically active agent 
is administered at least 10 minutes prior to the administration 
of the intercellular junction disruption agent. In yet other 
embodiments the biologically active agent is administered 1, 
2, 3, 4, 5, 10, 20, 30 or more days prior to the administration 
of the intercellular junction disruption agent. In further 
embodiments the biologically active agent is administered 1, 
2, 3, 4, 5, 10, 20, 30 or more months prior to the administration 
of the intercellular junction disruption agent. In yet other 
embodiments the biologically active agent is administered 1, 
2, 3, 4, 5 or more years prior to the administration of the 
intercellular junction disruption agent. In some embodi 
ments, therefore, administration can be accomplished With 
the use of sloW (also referred to herein as “controlled”) 
release materials, such as polyanhydride wafers or block 
copolymers, such as poly(ethylene glycol) (PEG)/poly(lac 
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6 
tic-co-glycolic acid) (PLGA) block copolymers as an 
example. In still other embodiments the biologically active 
agent is administered no more than 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
15, 24, 36 or 72 hours before the administration of the inter 
cellular junction disruption agent. 

In other aspects of the invention, therefore, compositions 
and methods for increasing the permeability of a cell barrier 
by contacting the cell barrier With an intercellular junction 
disruption agent in an amount effective to increase the per 
meability of the cell barrier are provided. 

In one embodiment the method is performed in a subject 
not ordinarily in need of the administration of the intercellular 
junction disruption agent. 

In another embodiment the biologically active molecule is 
an agent for treating a central nervous system disorder, for 
treating a coagulation disorder, for treating a cardiovascular 
disorder, for treating arteriosclerosis, for treating atheroscle 
rosis, for treating a respiratory disorder, for treating an infec 
tion or infection related disorder, for treating cancer, for treat 
ing an in?ammatory disorder, for treating an immunologic 
disorder, for treating an allergic disorder, for treating an 
angiogenic disorder, for treating a dermatologic disorder, for 
treating a renal disorder, for treating a gastrointestinal disor 
der, for treating an endocrinal disorder, for treating diabetes 
or for treating an ocular disorder. In another embodiment the 
agent is an anticancer agent, an antiangiogenic agent, an 
anticoagulant, an antithrombotic agent, an antimicrobial 
agent, an antiprotozoal agent, an antibacterial agent, an anti 
viral agent, an antifungal agent, an antidepressant, an anti 
asthmatic agent, an antiin?ammatory agent, an antihyperten 
sion agent, a diuretic, an anti-ulcer agent, an agent for 
hormonal therapy, insulin, a bronchodilator or an antiallergic 
agent. 
From the above it follows that the cell barrier can be an 

epithelial cell barrier or an endothelial cell barrier. The meth 
ods, in some embodiments, can also further comprise the step 
of contacting the cell barrier With a biologically active mol 
ecule. The cell barriers in some embodiments can be the 
blood-brain barrier, nasal membrane, skin, or sublingual 
membrane. In other embodiments the cell barrier is in the 
gastrointestinal tract or upper or lower respiratory tracts. In 
still other embodiments the cell barrier includes those formed 
by pericytes, pneumocytes, and glial cells (e.g., astrocytes). 
In another embodiment the cell barrier is in muscle (e.g., 
smooth muscle). 

In other aspects of the invention, methods and composi 
tions for enhancing the delivery of one or more biologically 
active molecules by administering to a subject one or more 
intercellular junction disruption agents and one or more bio 
logically active molecules are provided. In some embodi 
ments the intercellular junction disruption agent is a polysac 
charide-degrading enzyme. In one embodiment the 
intercellular junction disruption agent is a glycosaminogly 
can-degrading enzyme. In some embodiments the intercellu 
lar junction disruption agent is administered prior to or after 
the biologically active agent is administered. In such embodi 
ments the biologically active agent is administered at a time 
Whereby the intercellular disrupting effects of the intercellu 
lar junction disruption agent allows for the enhanced delivery 
of the biologically active agent. In one embodiment the inter 
cellular junction disruption agent is administered to a subject 
not ordinarily in need of the intercellular junction disruption 
agent. In still other embodiments the intercellular junction 
disruption agent is a polysaccharide-degrading enzyme or 
both a polysaccharide-degrading enzyme and a polysaccha 
ride. 
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In some aspects of the invention methods and compositions 
for enhancing the delivery of one or more biologically active 
molecules through the upper or lower respiratory tract in a 
subject by administering to the subject one or more intercel 
lular junction disruption agents and one or more biologically 
active molecules are provided. In one aspect the intercellular 
junction disruption agent and/or the biologically active agent 
is administered to the upper or lower respiratory tract of a 
subject. In one embodiment this is accomplished by inhala 
tion using a medical device. In another embodiment the medi 
cal device is an inhaler. In still another embodiment the 
administration of the intercellular junction disruption agent 
and/ or the biologically active agent is accomplished by nasal 
administration. In one aspect, therefore, compositions and 
methods for enhancing the delivery of a biologically active 
molecule through nasal administration in a subject by admin 
istering via the nasal membrane of the subject an intercellular 
junction disruption agent and a biologically active molecule 
are provided. 

The administration of the intercellular junction disruption 
agent and/or the biologically active agent can also be accom 
plished by ocular administration. In another aspect of the 
invention compositions and methods for enhancing the deliv 
ery of a biologically active molecule through ocular admin 
istration in a subject by administering ocularly to the subject 
an intercellular junction disruption agent and a biologically 
active molecule are provided. 

The administration of the intercellular junction disruption 
agent and/or the biologically active agent can also be accom 
plished by administration through the skin, sublingual or 
gastrointestinal route. Therefore, in still other aspects of the 
invention compositions and methods for enhancing the deliv 
ery of a biologically active molecule through the skin, sub 
lingual or gastrointestinal route in a subject by administering 
via the skin, sublingual tissue or gastrointestinal tissue of the 
subject an intercellular junction disruption agent and a bio 
logically active agent are provided. In some embodiments the 
administration is carried out with a bandage, slow or con 

trolled release patch, engineered or biodegradable scaffold, 
slow or controlled release polymer, tablet or capsule. In some 
embodiments the intercellular junction disruption agent and/ 
or biologically active agent are topically applied. 

In other aspects of the invention a method for enhancing the 
delivery of a biologically active molecule through the blood 
brain barrier by administering to a subject an intercellular 
junction disruption agent and a biologically active molecule 
is provided. In one embodiment the intercellular junction 
disruption agent and/or biologically active molecule is 
administered via a nonpulmonary, nonintravenous, nonsub 
cutaneous, nonoral, nongastrointestinal and nontransdermal 
route. In still another embodiment the intercellular junction 
disruption agent and/or biologically active molecule is 
administered via the internal carotid artery. In yet another 
embodiment the intercellular junction disruption agent and/ 
or biologically active molecule is linked to a molecule that 
targets the blood-brain barrier. In another embodiment the 
molecule that targets the blood-brain barriers is an antibody to 
a receptor on the blood-brain barrier. In another embodiment 
the antibody is an antibody to transferrin receptor. In still 
another embodiment the antibody is OX 26. In yet another 
embodiment the antibody is an antibody to PGPl. In still 
another embodiment the intercellular junction disruption 
agent is administered prior to, concurrently with or after the 
biologically active molecule. 
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8 
In some embodiments the methods provided herein 

enhance the delivery of the biologically active molecule to 
systemic circulation and/or the central nervous system (e. g., 
brain). 
The methods and compositions provided herein can be 

used to treat a subject with a disease or disorder. In some 
embodiments the subject has a systemic disease. In some 
embodiments the subject has a coagulation disorder. In some 
embodiments the coagulation disorder is thrombosis associ 
ated with cardiovascular disease or a vascular condition. In 
some embodiments the subject has a cardiovascular disorder. 
In one embodiment the cardiovascular disorder is acute myo 
cardial infarction, unstable angina or atrial ?brillation. In 
other embodiments the subject has a vascular condition. In 
another embodiment the vascular condition is deep venous 
thrombosis, stroke or pulmonary embolism. In some embodi 
ments the subject has atherosclerosis. In still further embodi 
ments the subject has an angiogenic disorder. In some 
embodiments the angiogenic disorder is a neovascular disor 
der of the eye, osteoporosis, psoriasis, arthritis, an angioma, a 
port wine stain or a vascular cyst. In still other embodiments 
the angiogenic disorder is cancer. In other embodiments the 
subject has a cerebrovascular condition. In some embodi 
ments the cerebrovascular condition is stroke, carotid artery 
stenosis, carotid artery atherosclerosis, cerebral arterioscle 
rosis, cerebral aneurysm, intracranial hemorrhage (subarach 
noid hemorrhage, berry aneurysms, etc.), lacunar infarcts, slit 
hemorrhages (hypertension related), hypertensive encephal 
opathy, cerebral autosomal dominant arteriopathy with sub 
cortical infarcts and leukoencephalopathy (CADASIL) or 
cerebral artery disease. 

In other embodiments the subject has a respiratory disor 
der. In some of these embodiments the subject has asthma, 
emphysema/chronic obstructive pulmonary disease, adult 
respiratory distress syndrome (ARDS), neonatal respiratory 
distress syndrome or lung reperfusion injury. In another 
embodiment the subject has a lung disease. In some embodi 
ments the lung disease is ?brosis, restrictive lung disease, 
obstructed lung disease, mesothelioma, pneumonia, tubercu 
losis, sarcoidosis, Wegener’ s disease or cystic ?brosis. In one 
embodiment the subject has ?brotic lungs. 

In some embodiments the subject has cancer. In one 
embodiment the cancer is a carcinoma. In another embodi 
ment the cancer is a sarcoma. In other embodiments the 

subject has biliary tract cancer; brain cancer; breast cancer; 
cervical cancer; choriocarcinoma; colon cancer; endometrial 
cancer; esophageal cancer; gastric cancer; intraepithelial neo 
plasms; lymphomas; liver cancer; lung cancer (e. g. small cell 
and non-small cell); melanoma; neuroblastomas; oral cancer; 
ovarian cancer; pancreatic cancer; prostate cancer; rectal can 
cer; sarcomas; skin cancer; testicular cancer; thyroid cancer; 
or renal cancer. 

In other embodiments the subject has an in?ammatory 
disorder. In some embodiments the in?ammatory disorder is 
non-autoimmune in?ammatory bowel disease, post-surgical 
adhesions, coronary artery disease, hepatic ?brosis, acute 
respiratory distress syndrome, acute in?ammatory pancreati 
tis, endoscopic retrograde cholangiopancreatography-in 
duced pancreatitis, burns, atherogenesis of coronary, cerebral 
and peripheral arteries, appendicitis, cholecystitis, diverticu 
litis, visceral ?brotic disorders, wound healing, skin scarring 
disorders (keloids, hidradenitis suppurativa), granulomatous 
disorders (sarcoidosis, primary biliary cirrhosis), asthma, 
pyoderrna gandrenosum, Sweet’s syndrome, Behcet’s dis 
ease, primary sclerosing cholangitis or an abscess. In still 
another embodiment the in?ammatory condition is an 
autoimmune condition. The autoimmune condition in some 
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embodiments is rheumatoid arthritis, rheumatic fever, ulcer 
ative colitis, Crohn’s disease, autoimmune in?ammatory 
bowel disease, insulin-dependent diabetes mellitus, diabetes 
mellitus, juvenile diabetes, spontaneous autoimmune diabe 
tes, gastritis, autoimmune atrophic gastritis, autoimmune 
hepatitis, thyroiditis, Hashimoto’s thyroiditis, insulitis, 
oophoritis, orchitis, uveitis, phacogenic uveitis, multiple 
sclerosis, myasthenia gravis, primary myxoedema, thyrotoxi 
cosis, pernicious anemia, autoimmune haemolytic anemia, 
Addison’s disease, scleroderma, Goodpasture’s syndrome, 
Guillain-Barre syndrome, Graves’ disease, glomerulonephri 
tis, psoriasis, pemphigus vulgaris, pemphigoid, sympathetic 
opthalmia, idiopathic thrombocylopenic purpura, idiopathic 
feucopenia, Siogren’s syndrome, Wegener’s granulomatosis, 
poly/dermatomyositis or systemic lupus erythematosus. 

In another embodiment the subject has an immunologic 
disorder. In one embodiment the immunologic disorder is 
lupus. In one embodiment the immunologic disorder is pri 
mary immune de?ciency disease or an autoimmune disease 
or disorder. In another embodiment the autoimmune disease 
or disorder is autoimmune de?ciency syndrome (AIDS), sys 
temic lupus erythematosus (SLE), rheumatic fever, rheuma 
toid arthritis, systemic sclerosis, autoimmune Addison’s dis 
ease, Anklosing spondylitis or sarcoidosis. 

In still another embodiment the subject has an infection 
(e.g., pseudomonas infection or S. aureus infection) or an 
infection related disorder. In some embodiments the infection 
is a viral infection, a bacterial infection or a fungal infection. 

In still other embodiments the subject has an allergic dis 
order. In some embodiments the allergic disorder is eczema, 
allergic rhinitis or coryza, hay fever, conjunctivitis, bronchial 
asthma, urticaria (hives) and food allergies or other atopic 
conditions. 

In still another embodiment the subject has in?ammatory 
bowel disease (IBD). In one embodiment the IBD is Crohn’s 
disease. In another embodiment the IBD is ulcerative colitis. 

In another embodiment the subject has a renal disorder. In 
some embodiments the subject has kidney stones or a renal 
infection. In another embodiment the subject has a urinary 
tract infection. In still another embodiment the renal disorder 
is human glomerulonephritis (GN), end-stage renal disease, 
chronic diabetic nephropathy, diabetic glomerulopathy, dia 
betic renal hypertrophy, hypertensive nephro sclerosis, hyper 
tensive glomerulosclerosis, chronic glomerulonephritis, 
hereditary nephritis, renal dysplasia or chronic rejection fol 
lowing renal allograft transplantation. 

In yet another embodiment the subject has a gastrointesti 
nal disorder. In one embodiment the gastrointestinal disorder 
is gastrointestinal ulceration. 

In still a further embodiment the subject has an endocrinal 
disorder. In one embodiment the endocrinal disorder is Addi 
son disease, Acromegaly, adrenal gland disease, congenital 
adrenal hyperplasia, androgen-insensitivity syndrome, cre 
tinism, cushing syndrome, diabetes insipidus, diabetes mel 
litis, grave’s disease, Kallman syndrome, pituitary diseases, 
parathyroid diseases, precocious puberty, renal osteodystro 
phy, autoimmune polyendocrinopathies, Nelson syndrome, 
hyperglycemic hyperosmolar nonketotic coma, hyperpitu 
itarism, hyperprolactinemia, hyperthyroidism, hyperaldos 
teronism, gigantism, gonadal disorders, Empty Sella syn 
drome thyroid nodule, thyroiditis, autoimmune thyroiditis, 
subacute thyroiditis or wolfram syndrome. 

In some embodiments the subject has a central nervous 
system disorder. In some embodiments the central nervous 
system disorder is Alzheimers, Parkinson’ s disease, Hunting 
ton’s disease, cerebrovascular disease, epilepsy, depression, 
mania, bipolar disorder, schizophrenia or a psychotic disor 
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10 
der. In another embodiment the subject has suffered a brain 
and/or spinal cord injury. In some embodiments the subject is 
in need of improved cerebral/behavioral function (i.e., the 
subject suffers from cerebral injury and/or loss of cerebral/ 
behavioral function). In other embodiments the subject is in 
need of neural regeneration and/ or spinal cord repair. 

In other embodiments the subject has a dermatological 
disorder. In some embodiments the dermatological disorder 
is vitiligo, melanoma, dysplasic nevi, seborrheic keratoses, 
acanthosis nigricans, adnexal tumors, other epidermal tumors 
(actinic keratosis, squamous cell carcinoma, basal cell carci 
noma, merkel cell carcinoma, histiocytosis X, mycosis fun 
goides/cutaneous T-cell lymphoma), mastocytosis, eczema/ 
acute eczematous dermatitis, urticaria, erythema multiforme, 
psoriasis, lichen planus, lupus/ systemic lupus erythematosus, 
bullous diseases, acne vulgaris, cellulitis, folliculitis, fascitis, 
keloids, exuberant granulation or panniculitis. In one 
embodiment the dermatological disorder is not psoriasis. 

In yet another embodiment the subject has an ocular dis 
order. In some embodiments the ocular disorder is glaucoma, 
ocular degeneration, central retinary artery occlusion, central 
retinal vein occlusion, retinal detachment, macular degenera 
tion, a retinopathy, cataract or an ocular infection. 

In still other embodiments the subject has diabetes, 
encephalitis, hydrocephalus, obesity, varicose veins, vasculi 
titides, lymphangitis, lymphedema, hypertension, superior 
vena caval syndrome, myocarditis, restrictive cardiomyopa 
thy, pericarditis, a hereditary hemopoetic disorder, dissemi 
nated intravascular coagulation, Wilson’s disease, alphal 
antitrypsin disease, cholecystitis, cholangitis, gall stones, a 
bladder infection or a protein de?ciency (e. g. Tay Sachs). 

In yet another embodiment the subject has a chronic 
wound. In one embodiment the compositions provided are 
administered to a wound bed. 

In another aspect of the invention methods for treating a 
subject by administering to the subject one or more intercel 
lular junction disruption agent and one or more biologically 
active molecules are provided. In one aspect a method for 
treating a subject by administering to the subject an intercel 
lular junction disruption agent and a biologically active mol 
ecule, wherein the subject has a central nervous system dis 
order is provided. In one embodiment the subject is not 
administered a chondroitinase ABC I-generated chondroitin 
sulfate fragment or chondroitinase ABC I. In another embodi 
ment the biologically active molecule is an agent for treating 
a central nervous system disorder. 

In another aspect of the invention a method for treating a 
subject by administering to the subject an intercellular junc 
tion disruption agent and a biologically active molecule, 
wherein the subject has an infection or an infection related 
disorder is provided. In one embodiment the intercellular 
junction disruption agent is a heparan sulfate-like glycosami 
noglycan, a heparin-like glycosaminoglycan or an enzyme 
that degrades heparan sulfate-like glycosaminoglycans or 
heparin-like glycosaminoglycans or some combination 
thereof. In another embodiment the biologically active mol 
ecule is an agent for treating the infection or infection related 
disorder. In one embodiment the agent for treating the infec 
tion or infection related disorder is an antimicrobial agent. 

In another aspect of the invention a method for treating a 
subject by administering to the subject an intercellular junc 
tion disruption agent and a biologically active molecule, 
wherein the subject has an infection or infection related dis 
order is provided. In one embodiment the infection is not 
maternal malarial infection. In another embodiment the sub 
ject is not administered a chondroitinase ABC I-generated 
chondroitin sulfate fragment or chondroitinase ABC I. In yet 
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another embodiment the biologically active molecule is an 
agent for treating the infection or infection related disorder. In 
one embodiment the agent for treating the infection or infec 
tion related disorder is an antimicrobial agent. 

In yet another aspect of the invention a method for treating 
a subject by administering to the subject a intercellular junc 
tion disruption agent and a biologically active molecule, 
Wherein the subject has a respiratory disorder is provided. In 
one embodiment the intercellular junction disruption agent is 
a glycosaminoglycan-degrading enzyme. In another embodi 
ment the biologically active molecule is an agent for treating 
the respiratory disorder. In yet another embodiment the agent 
is an antiasthmatic agent. In still a further embodiment the 
intercellular junction disruption agent is administered via a 
nonpulmonary route. In yet another embodiment the respira 
tory disorder is lung infection. In another embodiment the 
respiratory disorder is tuberculosis or pneumonia. In one 
embodiment Where the respiratory disorder is tuberculosis 
the intercellular junction disruption agent and/ or the biologi 
cally active agent is administered orally or intramuscularly. In 
another embodiment Where the respiratory disorder is pneu 
monia the intercellular junction disruption agent and/ or the 
biologically active agent is administered orally or intrave 
nously. In other embodiments the administration of the inter 
cellular junction disruption agent and/ or the biologically 
active molecule is by oral, intramuscular or intravenous 
administration. In another embodiment the biologically 
active molecule is an agent for treating the respiratory disor 
der. In still a further embodiment the biologically active agent 
is an antiasthmatic agent. 

In still a further aspect of the invention a method for treat 
ing a subject by administering to the subject an intercellular 
junction disruption agent and a biologically active molecule, 
Wherein the subject has an ocular disorder is provided. In one 
embodiment the intercellular junction disruption agent is a 
chondroitin sulfate glycosaminoglycan or a chondroitinase. 
In another embodiment the biologically active molecule is an 
agent for treating the ocular disorder. In still another embodi 
ment the ocular disorder is central retinary artery occlusion, 
central retinal vein occlusion, retinal detachment, glaucoma, 
macular degeneration, ocular degeneration, a retinopathy, 
cataract or an ocular infection. In another embodiment the 
biologically active molecule is an agent for treating the ocular 
disorder. In still a further embodiment the agent for treating 
the ocular disorder is an antimicrobial agent, an antithrom 
botic agent, an antiangiogenic agent, an antiproliferative 
agent, a vasodilatory agent, an antiglaucoma agent, an agent 
for treating diabetes or an agent for promoting neuronal 
regeneration. 

In yet another aspect of the invention a method for treating 
a subject by administering to the subject an intercellularjunc 
tion disruption agent and a biologically active molecule, 
Wherein the subject has an immunologic disorder is provided. 
In still another embodiment the immunologic disorder is not 
rheumatoid arthritis or psoriasis. In yet another embodiment 
the biologically active molecule is an agent for treating the 
immunologic disorder. In yet another embodiment the immu 
nologic disorder is not psoriasis. In a further embodiment the 
intercellular junction disruption agent is a chondroitin sulfate 
glycosaminoglycan or a chondroitinase. In yet a further 
embodiment the immunologic disorder is not psoriasis, and 
the intercellular junction disruption agent is a chondroitin 
sulfate glycosaminoglycan or a chondroitinase. 

In still a further aspect of the invention a method for treat 
ing a subject by administering to the subject an intercellular 
junction disruption agent and a biologically active molecule, 
Wherein the subject has a dermatologic disorder is provided. 
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12 
In one embodiment the dermatologic disorder is not psoriasis. 
In yet another embodiment the biologically active molecule is 
an agent for treating the dermatologic disorder. 

Compositions of intercellular junction disruption agents 
and/or biologically active agents are also provided herein in 
some aspects of the invention. In one aspect of the invention 
a composition is provided that contains an intercellularjunc 
tion disruption agent and a biologically active molecule, 
Wherein the biologically active molecule is an agent for treat 
ing central nervous system disorders. In one embodiment the 
intercellular junction disruption agent is not a chondroitinase 
ABC I- generated chondroitin sulfate fragment or chondroiti 
nase ABC I. 

In another aspect of the invention a composition is pro 
vided that contains an intercellular junction disruption agent 
and a biologically active molecule, Wherein the biologically 
active agent is an agent for treating an infection or an infection 
related disorder. In one embodiment the intercellular junction 
disruption agent is a heparan sulfate-like glycosaminoglycan, 
a heparin-like glycosaminoglycan, or an enzyme that 
degrades heparan sulfate-like glycosaminoglycans or hep 
arin-like glycosaminoglycans or some combination thereof. 
In another embodiment the agent for treating the infection or 
infection related disorder is an antimicrobial agent. In another 
embodiment the biologically active agent is not an agent for 
treating maternal malarial infection. In another embodiment 
the intercellular junction disruption agent is not a chondroiti 
nase ABC I-generated chondroitin sulfate fragment or chon 
droitinase ABC I. In still a further embodiment the biologi 
cally active agent is not an agent for treating maternal 
malarial infection, and the intercellular junction disruption 
agent is not a chondroitinase ABC I-generated chondroitin 
sulfate fragment or chondroitinase ABC I. 

In another aspect of the invention a composition is pro 
vided that contains an intercellular junction disruption agent 
and a biologically active molecule, Wherein the biologically 
active agent is an agent for treating a respiratory disorder. In 
one embodiment the biologically active agent is an antiasth 
matic agent. 

In still a further aspect of the invention a compositions is 
provided that contains an intercellular junction disruption 
agent and a biologically active molecule, Wherein the biologi 
cally active agent is an agent for treating an ocular disorder. In 
one embodiment the intercellular junction disruption agent is 
a chondroitin sulfate glycosaminoglycan or a chondroitinase. 
In another embodiment the ocular disorder is central retinary 
artery occlusion, central retinal vein occlusion, retinal 
detachment, glaucoma, macular degeneration, ocular degen 
eration, a retinopathy, cataract or an ocular infection. 

In still a further aspect of the invention a composition is 
provided that contains an intercellular junction disruption 
agent and a biologically active molecule, Wherein the biologi 
cally active agent is an agent for treating an immunologic 
disorder. In one embodiment the immunologic disorder is not 
rheumatoid arthritis or psoriasis. 

In still a further aspect of the invention a composition is 
provided that contains an intercellular junction disruption 
agent and a biologically active molecule, Wherein the biologi 
cally active agent is an agent for treating an immunologic 
disorder. In one embodiment the immunologic disorder not 
psoriasis. In another embodiment the intercellular junction 
disruption agent is a chondroitin sulfate glycosaminoglycan 
or a chondroitinase. In still a further embodiment the immu 
nologic disorder not psoriasis, and the intercellular junction 
disruption agent is a chondroitin sulfate glycosaminoglycan 
or a chondroitinase. 




















































